The evolutionary history of the biosphere is characterized by aromorphosis: biological evolution by a general increase in the degree of organization without developing high degrees of specialization [1] . Four major stages of the evolutionary transformation of life (mega-aromorphoses) can be established in the recorded succession of the Neoproterozoic (Ediacaran)-Phanerozoic aromorphoses reflecting changes of the dominant groups. They are defined by the appearance of archetypes ensuring the possibilities of a prolonged and diverse rise of the level of their organization leading to significant increase in the activity of living organisms and their emerging independence from the environment. A successive series of developmental stages exploiting of the aquatic environment of the Neoproterozoic (Ediacaran)-Phanerozoic biosphere can be established based on their dominant groups: the biospheres of protozoans, proto-metazoans, protobilaterals, fishes and amphibians.
Introduction

Microevolution and Macroevolution
Progressive changes in size, shape, system function, and other observable physical and biochemical characteristics that occur during the life of an organism are Adaptation to the abiotic environment is accomplished through the competition among organisms and other biosystems. The Earth possesses three main environmental settings: aquatic, terrestrial, and atmospheric. The adaptation to each setting significantly influences the peculiarities of the organisms producing aqua-archetype, terra-archetype and aerial-archetype structures respectively. Adaptations to the abiotic environment provide additional opportunities for competition among its organisms [4] [5] [6] [7] . Thus, two main directions may be distinguished in the general pattern of the evolutionary transformations. One reflects the influence of external abiotic conditions, whereas the other is driven by internal influences.
Microevolution within a species generates an incremental evolutionary shift that originates almost instantaneously, when compared with the length of geologic time. This initial evolutionary shift serves as the primary basis for macroevolution that proceeds across a significantly greater time interval. Macroevolution selects the most successful archetypes from the myriad of accidental and short-lived genetic combinations originating through reproduction in the process of microevolution under the rigid control of the genotype. Macroevolutionary time intervals provide unlimited opportunities for the testing of quite different variants in the development of phylogenetic groups. The freedom for the interaction of all varieties of biological structures among themselves is the evolutionary principal "all with all" that guaranties greatly diverse possibilities for the realization of macroevolutionary transformations predetermined by the origin of the noosphere [4] [5] [6] [7] . The noosphere, literally mind-sphere, is a postulated sphere or stage of evolutionary development dominated by con-
Evolution and Systematics
Formally or informally, it is recognized presently that the rank of any taxonomic category corresponds to the quantity of the evolutionary transformations that it has experienced over the course of its existence, i.e., systematics must accurately reflect the peculiarities of phylogenesis. No higher taxa at the level of Division or Phylum originated after the Vendian-Cambrian mega-aromorphosis, but life underwent great qualitative evolutionary changes toward the human condition in the following interval of time.
The study of global evolutionary processes occurring in the biosphere requires documentation of the general quantitative changes of taxa from all phylogenetic groups without regard to their differences. Statistical analysis generally examines smaller taxonomic groupings, such as species and genera, but the value of their qualitative differences is not always appreciated for taxa of the same rank that belong to different groups. Recognition of the discrepancy of the qualitative characteristics of the taxa of the same level, but from different phylogenetic groups, can be of great value in understanding their evolutionary history.
The major groups of animal life developed within the framework reflected by the systematics of their taxonomic categories, apparently without having experienced significant experimentation, at least with evidence that has been preserved. Consequently, systematics does not contradict the presumed evolutionary process. However, within this general and slowly evolving pattern, there can be different directions and rates of evolutionary development. For example, whereas representatives of protozoans, coelenterates, brachiopods and mollusks, except for the coleoids, developed along single lines through the Phanerozoic, at the same time, representatives of the chordates exhibited tremendous changes in their development, culminating in humans. The representatives of the chordates through time are difficult to fit into a coherent framework to which the principals of systematics can be applied. For higher taxa experiencing such progressive evolution, the development of new and innovative structures reflects the appearance and development of a nervous system, particularly a brain. The traditional approach to systematics does not take into account these specific features of evolution [8] . A true picture of the evolution involving all phyla, and the entire biosphere, requires the inclusion and treatment of all characteristics and systems, not just those producing preserved morphological features [8] .
Structure of the Evolutionary Process
The evolution of the biosphere is principally understood through its component taxa-the major and long-lived phyla reflecting the successful structure of their archetype, particularly the principle role played by the chordates and other vertebrates [5] [6] . Successful protection from competition is characteristic of their component groups, expressed initially by an increase in the organization of the individual organisms anticipating the appearance of humans and the noosphere.
Organizationally, the great evolutionary transformations that initiated the be- ginning of dominant groups were established by super-aromorphoses. These transitions become the main steps in the increase of the organizational level by the progressive evolutionary groups that ultimately influenced the general development of the biosphere. Abundant paleontological material provides the opportunity to organize and describe the details of the evolution of vertebrate groups, and their competitive interactions within the framework produced by super-aromorphoses. Dominant biological groups force out others, leaving less successfully developed, depressed groups (e.g., arthropods, mollusks, and brachiopods), that are unable to follow the path to further progressive development. These relationships create the basis for the structure of the biosphere [5] [6] . Many groups with limited development do not experience a significant rise in their organizational level during their evolution, and may be described as developing in a single "plane". Protozoans, coelenterates, echinoderms, graptolites and most mollusks represent such groups. Typically, the main direction of their evolutionary development has been in the improvement of their passive defense mechanisms, such as the appearance of different types of shells, carapaces and other similar external structures that provide passive protection. As a consequence, those same groups decreased development of their respective nervous systems and producing limited mobility, or a completely sessile mode of life. Although these phyla have flourished over long ranges, they have been forced out of the "economy of scale" zones of the biosphere, and have lost their ability for further progressive development.
The appearance of a dominant group with an archetype possessing the potential for occupancy of a main biotope challenges the general biospheric construction, which lags slightly behind that of the aromorphosis for that group. The resulting reconstruction reflects a wide adaptive radiation of the dominant group leading to the exchange, suppression and forcing out less successful evolutionary groups from the main biotopes of the biosphere. The sharpest conflict for possession of the main biotopes in the biosphere occurs between previous and newly dominant groups. Less dominant groups occupy the lower levels in the economy of the biosphere and, when adapted to this position, are usually less subject to changes: they have developed almost in a single plane.
In the evolution of the dominant archetypes, the main features of their unli- 2) Cambrian mega-aromorphosis-domination of skeletal protobilaterals, encompassing the biosphere of protobilaterals (Cambrian and Ordovician).
3) Silurian (Cerebral) mega-aromorphosis-successive domination of endoskeletal bilaterals that possessed a brain (fishes and tetrapods). The influence of this mega-aromorphosis is distributed over the biosphere of fishes, amphibians (Silurian, Devonian, Carboniferous).
Stages in the Development of Biosphere
Ediacaran Mega-Aromorphosis. Biosphere of Protometazoans
The origin and development of protometazoans is inseparably connected with the hydrosphere as the most favorable medium for the origin and development of very diverse life forms, especially in their earliest stages of evolution. Abiotic The two main streams of life, plants and animals, had been developed by the beginning of the Phanerozoic. These groups of organisms united to become a single "power system" that formed the fundamental basis for energy exchange in the biosphere. Plants supply animals with food and oxygen; plants receive carbon dioxide from the animals. Animals can use already formed organic substances as a food source: vegetable tissue and tissue of other animals, and also have an intimate dependence on the plants that forms the basis of the food pyramid. These main, but not unique, biospheric dependences guided the development of more complex forms of life already by the beginning of the Phanerozoic [4] [5] [6] [7] .
Protometazoans with a gastral cavity and a mouth characterize the Vendian biosphere. The appearance of those features signaled the appearance of extracellular digestion that significantly expanded the ability of organisms to actively influence their external environment. Organisms with diverse bilateral architecture appeared during the Late Ediacaran indicating active motion, an aggressive hunt for food, and defense. The Ediacaran bilaterals represent the initial stage of the aromorphosis of this progressive group.
Cambrian Mega-Aromorphosis. Biosphere of Protobilaterals
Two evolutionary divisions appear almost immediately among the emerging bilaterals. One division was represented by bilaterals that improved their external, plated skeletons, whereas the other division developed and improved its internal skeleton. The appearance of external or internal skeletons was prompted by the necessity for further increase of the activity level of the organism, especially for bilateral ones. The development of a skeletal structure is the key to strong, fast and independent movement, and also provides defense, particularly with possession of a carapace [5] [6] [7] . The earliest and simplest way of forming a skeleton that is connected with the ectoderm is through formation of external hard plates, simultaneously solving the problems of defense and point of support. The earliest, unequivocal step in exoskeletal evolution occurred in the Early Cambrian with the appearance of trilobites and later in the Middle Cambrian with the ap- fish. By the Ordovician, however, many species of jawless, agnathan fish had notochords attached to bony skeletal elements, whereas more advanced fish, such as the ostracoderms and placoderms, did not have attached skeletal elements. A complete internal vertebrate skeleton was produced by fish during the Late Ordovician-Silurian. This endoskeletal direction of evolution characterizes all later vertebrates. The development of the internal skeleton is connected with the reconstructions of the archetype, slow at its initial stages, later connected to the acquisition of new adaptations that provided progressive development [4] [5] [6] . The necessity of rapid, purposeful, coordinated movement and motion in space is connected inevitability to the formation and improvement of such adaptations as diverse telereceptors that allow precise orientation in space and, of course, the development of a nervous system responsible for the coordinated actions of all the structures of the organism. The movement of the organism in space requires necessary planning of its actions that presumes the formation of a corresponding organ-the brain.
Arthropoda
Arthropods are possibly represented in the Precambrian Ediacaran faunal assemblage by Spriggina, whose affinities are currently unknown, but have been variously classified as an annelid worm, a rangeomorph-like frond, a protoarticulate, and/or an arthropod, perhaps related to the trilobites. Paleozoic, particularly evolving their increasing mobility [5] . Dogel noted the extreme primitiveness of head appendages and their similarity to thoraxic appendages [9] . The main joint of every head appendage on the internal side had a conical chewing outgrowth, but the trilobites were deprived of a true jaw apparatus [9] . Instead, these outgrowths were turned toward each other and served for capturing and crushing of food [9] . The last two pairs of head appendages may have the appearance of jaws-claws in some species of trilobites [10] . It should be noted that the structure of the appendages is only known for 19 out of the 20,000 described species of trilobites [11] . It is likely that species possessing appendages with claws occurred in large numbers. The dominance of the trilobites continued throughout the Cambrian and Ordovician, after which their diversity and numbers sharply decreased along with their physical size, until they finally disappeared at the end of the Permian.
Eurypteroids were active, predaceous, benthonic animals occupying all aquatic environments and commonly reached a size of 10 -20 cm [12] , although giant forms of two or more meters in length are known [13] . Eurypteroids had claw-shaped chelicerae that served for catching and crushing prey, and several pairs of oar-shaped appendages served for swimming. They range from Ordovician to Permian; however, they were most abundant in the Silurian-Devonian.
The coincidence of the decrease of trilobite taxonomic diversity with the increase in eurypteroid abundance can be considered as some confirmation of the competitive struggle between these two groups that may have forced the trilobites out from their biological niches [9] . The Eurypteroidea, by acquiring chelicerae, adaptations for quick swimming, and higher development of the pro- . By comparison of the main features of the development of basic arthropod groups, such as trilobites, chelicerates and crustaceans, Dogel proposed distinguishing at least two major phylogenetic branches that had separated phylogenetically very early in arthropod evolution: Mandibulata (Branchiata-racheata) and Amandibulata (Trilobitomorpha-Chelicerata) [9] . The origin of the jaw apparatus in the Mandibulata influenced the formation of a proto-brain, especially the part of it responsible for the formation of associative structures [15] . In contrast, the absence of a true jaw apparatus in trilobites and chelicerates, and the transfer of such important functions connected with feeding to the head appendages of these groups made the formation of the associative apparatus of the proto-brain difficult.
The great significance of the jaw apparatus and the distinguishing characteristics of the development of the brain are apparently general regulators of the evolutionary process. This relationship is confirmed clearly by an analogous situation in the phylogeny of vertebrates, where jawless vertebrates appeared first, yet later lost their place in vertebrate development and dominance to the gnathostomes.
Cephalopoda
In contrast to the main groups of mollusks, which are characterized by extremely primitive structures that developed in one plane through the entire Phanerozoic, the cephalopods are distinguished noticeably by their more progressive directions of development accompanied by higher rates of evolution. Typical evolutionary transformations for the cephalopods, defined by the quick increase in their level of organization, were connected by accomplishment of active movement in space, and the development of a nervous system, including a brain. Improvement of these two adaptations is intimately connected, and defines the general direction of progressive cephalopod evolution. However, the presence of an external shell in many groups of cephalopods, as in most other mollusks, greatly limited their evolutionary development.
The activity level of cephalopods is related to increasing the strength and buoyancy of their shells, which is reflected in the development and change of the suture line, the contact of the septum with the shell wall, and by the shape of the shell itself, which are both connected. In most nautiloids with either a straight or coiled shell, the sutural line is nearly straight. Coiled forms with a discoidal or rounded-compressed, evolute shell often are more complicated with moderately, There are many hypotheses about the role of the sutural line in the phylogeny of ammonoids [17] . Although, most specialists view sutural evolution of the group as highly significant, in the absence of evidence that shell shape directly influences the sutural line (or vice versa), some investigators (i.e., Shindewolf)
concluded that there is complete independence of the development of the sutural line in its main characters from the variability of the general development of the shell [17] .
During the more than 300 million year development of the ammonoids, addi- Initially, the evolutionary complication of the sutural line must have provided mechanical strengthening of the shell. Sutural line evolutionary complications clearly define the position of the end members of a specific morphogenetic chain. Complexities in the development of the sutural line were a limiting factor in ammonoid evolution by being the main "constriction" of their evolutionary flow. Consider that the wide development of shallow crenulation in the sutural line in ceratites and ammonites, unlikely controlled by the heredity, did not save the ammonoids from complete extinction.
If the ammonoids record the direction of the formation of plastic evolutionary zones based on their sutural lines, then the endocochlians developed in a more radical way by gradual abandonment of their shell. The first endocochlians are represented by the Belemnoidea in the Carboniferous. The Teuthoidea appeared significantly later in the Triassic, followed by the Sepioidea in the Jurassic. These phylogenetic groups in their first stages of the development existed in competition with the dominant ammonoids. A prolonged and slow reduction of the shell did not give endocochlians significant advantages in a competitive struggle with the ammonoids until the end of the Mesozoic. The belemnites, which did not completely abandon formation of a shell disappeared simultaneously with the ammonoids at the end of the Cretaceous.
The competing relationships among the ammonoids captured the more productive nearshore zones of the sea, whereas the belemnites, good swimmers and active predators, inhabited mainly the deeper parts of the shelf, and had a wide area of distribution. The few existing sepiids (cuttlefish) at this time were not considered as strong competitors with other cephalopods. They experienced a burst of adaptive radiation later in the Eocene-Miocene (at the Paleogene and Neogene boundary interval). Subsequently, the sepiids have gone through a stage of idio-adaptation represented by numerous species for which a significant increase of the population density is characteristic. Apparently, in the Paleogene, the sepiids experienced aromorphosis connected with their liberation from a shell. Correspondingly, this process contributed to the increase of their ability to compete intensified their pressure on the nautiloids and other cephalopods. In addition, the teuthoideans, especially the octopods, which also occupied the biological niche of the ammonoids. The first isolated evidence of octopods is reported from the Upper Cretaceous. They apparently exercised a significant destructive influence that contributed to ammonite extinction.
The absence of a shell makes it very difficult to investigate the phylogeny of the octopods. General regularities in the evolution of the cephalopods provide the opportunity to make definite conclusions about the exact replacement of the ammonoids by octopods. By completely eliminating their shell, they achieved a level of development of the nervous system and brain that exceeded many vertebrates (e.g., Fishes). Such a high level of organization gave the octopods an ad- 
Conclusions
The evolution of living organisms can be understood only by considering the composition of the biosphere as a complete entity. The development of life occurs within a framework of the universal interaction, and mutual dependence of all components of the biosphere. The great qualitative progress, which is the result of the evolution of all living organisms, protozoans to humans, has been driven through time by competition among the individuals that comprise the various phylogenetic groups and biocoenoses. Adaptations ensuring the maximum development of both organisms and biosystems can be the direct or indirect result of their competitive, interactive struggle through time.
The lowest level of the evolutionary system-the species-is the motor for biological forms. In a species, reproduction induces natural selection that leads potentially to an evolutionary shift to its archetype. The result of microevolution serves as the original basis for macroevolution, in which archetypes with successful evolutionary changes are selected.
The evolution of the biosphere is identified by its main components-the larg- to have played a small role in translating and editing this paper for dissemination to Dr. Popov's friends, colleagues and other students of the biosphere.
